The objectives of this study were to screen the VIR Avena germplasm collection for Fusarium head blight (FHB) resistance and to identify the resistant oat genotypes by using the different scoring of the disease. After artificial inoculation harvested grain samples were assays on the combination of three parameters: percentage of Fusarium damaged kernels (FDK), DNA of trichothecene-producing Fusarium fungi and mycotoxin accumulation. The clear correlation between the parameters for every individual genotype was not detected. The results support the several components of resistance to Fusarium head blight in oats (invasion, spreading and mycotoxin accumulation), which are controlled by different genetic systems. The hull-less genotypes considered to be more resistant in the Avena germplasm. Seven landraces genotypes and five cultivars originated from Asian region and two cultivars originated from European region seem to be suitable genetic resources for resistance to FHB.
INTRODUCTION
Oats has become desirable for human consumption due to its high nutritional significance, especially hull-less oats (Redaelli et al., 2009) . The main effort of oats breeders is concentrated on breeding of new varieties with high yield and grain quality, adapted to the widely varying climatic conditions (Batalova, 2000) . In spite of FHB is a destructive disease in the DOI: 10.2478/v10129-011-0040-z cultivation area of this crop, breeders have never brought into oats such the trait as resistance to Fusarium fungi. The reason for this is the absence of typical visual symptoms of this disease on affected oats panicles in fields. Therefore the scoring of symptoms is not suitable for evaluation of FHB. It means that the majority of commonly growing oats cultivars do not have a good resistance to FHB (Mielniczuk et al., 2004; Tekauz et al., 2008) . Investigation of the genetics of resistance to FHB in oats has not been very extensive, which seems to be due to problems in assessing current status of disease. At present, the information concerning the resistance of oats to Fusarium is limited but breeders need the knowledge about resistance, when they are crossing cultivars or lines.
The passive resistance has a role in preventing pathogen invasion (Mesterhazy, 1995; Parry et al., 1995) . It was shown that the plant height of wheat and barley genotypes has an influence on Fusarium disease and tall genotypes have more natural head blight infection and accumulation of mycotoxins (Mesterhazy, 1995; Hilton et al., 1999; Zinkernagel et al., 1997; Lienemann et al., 2000; Legzdina, Buerstmayr, 2004) . In Finland early maturing crops are less susceptible to FHB (Yli-Mattila et al., 2009; YliMattila, 2010) and this is also the case in oats cultivars in Finland .
The oats cultivation area in Russia is large and consists of near 30% of the oats production in the whole word. Oats is also an important plant in other Nordic countries, e.g. in Canada, Poland, Sweden and Finland, which together with Russia produce >50% of the oats production (FAOSTAT, 2008) . During the last years the surveys have been undertaken to assess FHB in commercial oat crops cultivated in the different parts of Russia, which has shown the great importance of this disease (Kononenko, Burkin, 2002; Ivaschenko et al., 1997; ). In 2007 -2008 Fusarium species were detected in 87-93% of oat grain samples harvested in the north-western region of Russia (Gavrilova, Gagkaeva, 2010 ). An average 13-17% of the kernels were infected with the range of the infection from 2 to 69%. DON was detected in 47% of grain samples (36 -2505 ppb), T-2 toxin was found in 46% (4 -182 ppb). According to our investigations, Fusarium infection is significantly stronger in oats grains as compared to wheat and barley.
The collection in the N.I. Vavilov All-Russian Research Institute of Plant Industry (VIR) is the largest gene bank in the world and possesses unique Avena germplasm -near 13000 accessions of 26 species (Loskutov, 2007) . In a search for potentially useful sources of resistance in VIR Avena germplasm collection, we tested FHB reactions of several oat genotypes by using the different scoring of disease: FDK, amount of DNA of trichotheceneproducing Fusarium fungi and mycotoxin accumulation.
MATERIALS AND METHODS
One hundred five genotypes of oats from the VIR collection were represented both hulled and hull-less cultivars, landraces and selections lines. Most of them belong to A. sativa (89%) and others to A. byzantina. The hulled oats from various origins of Russia and the whole world (Australia, Canada, China, Denmark, Germany, Japan, Korea, Kyrgyzstan, Mongolia, New Zealand, Tajikistan, Turkmenistan, UK, USA) were tested. Analyzed hull-less oats originated from Asian part of Russia and China, Mongolia, Australia.
In the nursery located in Leningrad region (the Tosno Research Station VIZR) each sample was planted in 1 m 2 plots with 15 cm × 3 cm spacing between plants in two repetitions. This nursery is characterized by permanent a high humid air during the vegetation period so it is around by pond and forest with peat marsh. At booting stage of the first oats plants, the inoculum (mixture of four F. sporotrichioides strains on autoclaved mixture of barley and wheat grains) was scattered on the soil surface of plots at the rate of 150 g on sq.m. The typical pathogens of cereals in this area (F. culmorum, F. poae and F. avenaceum) may also infect plants during the growing season (Shipilova, Gagkaeva, 1992; Gavrilova et al., 2009) . Plant height of genotypes was measured before harvesting as the distance from the base of plant to the top of panicle of the dominating culm for ten plants per plot. According the heading date oats were recorded in the groups as early-, middle-and later-maturing genotypes.
After hand thrashing, 100 kernels from every sample were surface sterilized by 70% ethanol and put into the high-humid plastic boxes. After one week of incubation at 23 °C the number of kernels covered by fungal mycelium and then the total percentage of FDK were estimated. The grain infection in the hulled genotypes was estimated by two assays: kernels naturally covered by glumes and kernels after manual dehulling.
Every grain samples (10 g) was ground with the laboratory mill and sift through the sieve. For determination of mycotoxins 1 g of meal was extracted with 5 ml of acetonitrile:water (6:1). Mycotoxin contents were determined by indirect ELISA (enzyme linked immunosorbent assay) with detection limits: T-2 and HT-2 toxins (4 ppb), DON (20 ppb) (Kononenko et al., 1999; Kononenko and Burkin, 2002) . For characterization of mycotoxin accumulation by genotype has been used the sum of analyzed trichothecenes. DNA was extracted from 200 mg of meal using CTAB method according to the Protocol for GM Food and Feed (European Commission, 2005) . The final volume of DNA extract was ca. 50 µl; the total DNA concentration was usually 1-5 ng × µl -1 . Quantification of trichothecene producing Fusarium species was performed by TaqMan real-time quantitative PCR. The concentrations of TMTRI primers and probe, and the amplification conditions were used as described by Halstensen et al. (2006) and Yli-Mattila et al. (2008 , 2009 ). Bio-Rad IQ TM 5 Real-Time PCR Detection System was used for amplification of DNA. The PCR program con-sisted of 3 min at 95°C followed by 40 cycles of 15 s at 95°C and 60 s at 60°C. Statistical analyses were carried out by using the package STA-TISTIKA 6.0.
RESULTS AND DISCUSSIONS
In 2007 weather conditions were favorable for Fusarium species and the high variation of grain infection was detected. The most common Fusarium species isolated from oat kernels were F. poae, F. sporotrichiodes, F. avenaceum, F. culmorum, and F. tricinctum. In spite of the artificial inoculation by F. sporotrichioides isolates, F. poae was the most common Fusarium species.
Obviously, glumes play an important role in protecting grains against penetration of Fusarium infection and accumulation of mycotoxins (Tekauz et al., 2004 , Scudamore et al., 2007 . In most cases the percentage of Fusarium pathogens from peeled kernels of hulled oats was significantly less than in naturally covered by glumes ones. Infection of grain dropped dramatically after manual dehulling -an average from 17.3% to 9.6%. The height of genotypes varied between 86.4-117.6 cm for hull-less oats and 41.2-140.9 cm for hulled genotypes. It has been speculated that resistance of oats would be related to plant height, because taller oat genotypes having panicles at greater distance from the soil surface with inoculum would be more resistant as compared to those with shorter straw. All oats were grouped according height of plants (less 100 cm and higher than 100 cm). The data indicated the significant differences in the parameters of scoring between groups. Oat genotypes characterized by short straw had significantly more FDK, mycotoxins and fungal DNA (Table 1) . In our experiment, the group of early maturing oat genotypes has less FDK, accumulate low amount of mycotoxins and fungal DNA as compared to later maturing ones (Table 2) The highest variation for all tested parameters was detected in hulled genotypes (Table 3 ). In spite of the lack of glumes as a barrier to entry of pathogens, hull-less genotypes appeared to be more resistant to FHB than hulled genotypes. All scoring parameters of resistance were in five times less in hull-less oat genotypes as compared to hulled ones. This is in agreement to the previous results demonstrating more resistance to Fusarium infection in hull-less oat cultivars than the hulled ones (Techauz et al., 2008; Gavrilova et al., 2009; Šlikova et al., 2010) . The hull-less barley genotypes are also significantly more resistant to kernel infection than hulled ones (Gagkaeva et al., 2002; Legzdina, Buerstmayr, 2004) . It is known, that some compounds, constitutive in the grain or induced in response to pathogen penetration, can protect plant again the pathogen attack and/or accumulation of mycotoxins (Boutigny et al., 2008) . Obviously hull-less germplasm have unique properties to protect kernels from invasion of pathogens and accumulation of mycotoxins. amount of fungal DNA and accumulation of mycotoxins for any particular genotype. This shows that percentage of FDK, which is most often used for estimation of resistance, is not enough to predict a potential level of toxin and DNA accumulation and should not be used alone in the screening of genotypes. In spite of the absence of any clear correlation between different parameters of resistance in an individual genotype, the group of oats with lower FDK values accumulated less fungal DNA and mycotoxins. The lack of clear correlation between these parameters suggest there are the different components of resistance (invasion of pathogens, accumulation of Fusarium biomass and mycotoxins) as it was found in wheat germplasm (Schroeder, Christensen, 1963; Snijders, 1990; Mesterházy, 2002; Boutigni et al., 2008) . Moreover, a complex of Fusarium species has been detected in grains. Several of them (F. avenaceun, F. arthrosporioides, F. tricinctum) are not able to produce trichothecenes (Langseth et al., 1999; Jestoi et al., 2004; Uhlig et al., 2007) . The kernels infected by these pathogens increase the FDK value, but not the amount of measured DNA and mycotoxins. In addition, the most common occurred F. poae is producer of trichothecenes mycotoxin -nivalenol, which was not been analyzed in our study. F. poae is characterized as a weak pathogen (Parry et al., 1995; Jestoi et al., 2008; Stenglein, 2009; Yli-Mattila et al., 2009) and there is an assumption that this fungus cannot penetrate a plant defense and become localized in glumes and surface layers of kernel. Mycological analyses detected the number of infected kernels but did not quantify the fungal biomass in the grain samples. Regardless of the degree of fungal invasion (and accumulation of the biomass of the Fusarium fungus in kernel) every diseased kernel will produce on the agar media one colony of Fusarium and later it will be calculated as a FDK value.
The most promising FHB resistant genotypes should have a low and moderate FDK values and accumulate minimal amount of Fusarium DNA and mycotoxins. In summary, all 14 tested hull-less cultivars and landraces were relatively resistant according to the tested parameters of resistance (8 landraces genotypes and 6 cultivars) - VIR-1926 VIR- , 1927 VIR- , 1928 VIR- , 1929 VIR- , 2471 VIR- , 2472 . Seven of the hulled landraces genotypes (VIR-2513, 6899, 6934, 6963, 7766, 7934, 8479) and five cultivars (VIR-10841, 11632, 11693, 14415, 14435) originating from Asian region and two cultivars originating from Europe VIR-11501 (Denmark) and VIR-14648 (Russia) appeared to have superior levels of resistance to all tested components of disease and these should be used in the breeding programs for increasing the resistance to FHB. All relatively resistant genotypes belong to A. sativa except of one landrace genotype A. byzantina from China (VIR-7934).
But even after having provided sources of resistance to FHB for breeders, quick and reliable estimation of resistance in breeding lines and varieties to Fusarium is needed. The breeding strategy must combine both resistances to pathogen invasion and to toxin accumulation. Detection of FDK in the labora-tory analyses is tedious and time-consuming, and percentage of diseased kernels is not always reflecting back the depth of invasion pathogen and accumulation of mycotoxins (Sarlin et al., 2006; Fredlund et al., 2008) . According to the results, the amount of fungal DNA should be more realistic assessment of genotype resistance to pathogen invasion. Thus the currently available PCR-based detection and quantification methods of toxigenic Fusarium species should be used in the breeding of resistant to FHB cultivars.
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